The aim of article is study the influence of Bi on the microstrucure evolution of lead-free solder joints in microelectronics. The key factor affecting the reliability of electronic products are the interfacial reactions in solder joints which the secondary products are brittle intermetallic compounds. Creation and growth of intermetallic compounds is dependent on the chemical composition of solder and base material, on the effects time of melt solder on the base material and on the operating temperature. It is very important to let know that these reactions is not creation only near contact of base material with melt solder in melting time and cooling time a solder joint, but it is followed to soli dification of solder too.
INTRODUCTION
The unhealthy effect of lead to the environment and human health accelerate the research and development of solder in direction of the completely elimination of lead. The lead-free solders besides the higher melting temperature, worse wettability (from this different temperature profile, different flux...) are different from the lead containing solders also with different electrical and mechani cal properties.
Most of lead-free solder alloys are setup mainly to the addition of small amount of third and fourth alloy to the binary alloy to increase their condition. Bismuth is added to the solder alloys in order to decreasing the melting point, advance mechanical conditions and increasing of creep resistance. Bismuth also advance the wettability, what can to pl ay the role in the using of lower soldering temperature [1, 4] .
The alloy systems with the Bi addition are used by the japanese producers of electronics. It is used the alloys with the high amount of Sn, mainly SnAgBi, SnAgCuBi.
The typical compositions are tested by japanese project NEDO (New Energy and Industrial Technology Development Organization) SnBi3Ag2Cu0,5 and after it by project IMS (Intelligent Manufacturing Systems) SnAg3Bi2Cu0,5. To the reduction of melting temperature and better wettability are prefered only low amount of bismuth containing. The addition of higher amount approximetly 5-20% Bi decreasing the melting point to the temperature of eutectic SnPb solders, but they lose the good conditons of SnAgCu alloy system [6] .
The influence of intermetallic compounds to the joint reliability
The most widespread questions in lead-free solder reliability is the intermetallic compounds growth, which are localized to the interface between solder and substrate. All known basic materials and coatings in electronic products create with the melted solder with active element (Sn) the intermetallic compounds (IMC) at the interface solder substrate. Their existence at the contact area indicate, that was created the good metall urgical joint [2] .
Unwilling is mainly the excessi ve IMC growth, indicated by joint heating in working process (changes of atposphere temperature or temperature changes by heat abstraction from the cover), in case of IMC growth to the heavy thickness and the interface solder IMC take pl ace of the sour ce of crack creation and extension.
The growth begin at the room temperature and continues to the area of working temperature of electronics. All growth of layers and cracks brings together the degradation of mechanical and electrical properties, which become the decrease of electrical conductivity of joint. Than more cracks in the layer, than higher transfer resistance, which cause the higher heat strain of joint and layer and cracks further expanded. This process leads to the joint degradation and gradually to the nonfunctional joint [3, 7] .
The excessive growth also consume the basic metal and thereby become to the gradual reduction of soldered joint. This may flow into the adhesion loss to the substrate, which is not wetted by solder, or may be the crack creation due to the strain in intermetallic compound, because of too thickness [3, 5] .
EXPERIMENTAL PART
For experiment was chosen the fours element alloys SnAgCuBi with the small amount (0,5 and 1,0%) of Bismuth. As the basic material was used the often used material in electronics the Cu with 99,995 % purity. The joints Cu SnAg1,0Cu0,5Bi0,5 and Cu SnAg1,0Cu0,5Bi 1,0 was created by hot plate soldering. The soldering temperature was 255°C thr ough 5s.
The samples produced was subsequent ly annealing at 160 ° C for 15 days and shall be collected from the vacuum furnace at intervals of 1, 3, 7, 11 and 15 days. For observations of IMC (shape and size) present in the structure of solders and at the interface of soldering joints is used light optical microscopy. To assess the representation of different phases present was car ried the line EDX microanalysis.
RESULTS
The microstructure of the interface of soldering joint Cu -SnAg1, 0Cu0, 5Bi0, 5 after soldering process and then soldering heat affected is shown in Fig. 1a, b , c. After soldering (Fig. 1a) is the structure of solders SnAgCuBi0, 5 consisting predominantly with fine-grained structure. In the volume of solder are dispersed the phases Cu 6 Sn 5 and Ag 3 Sn which after the heat affecting change their shape and size. These phases are formed from Ag and Cu, which are contained in the composition of solders.
Given that the use of soldering materials based on Cu and Sn can be observed at the interface of Cu-substrate/solder creation of IMC Cu6Su5. Size layer of IMC does not get over 1 m. After annealed is created further reaction layer at the interface of substrate the phase Cu6Su5 documented as Cu3Sn (Fig. 1b) . From images (Fig. 1b,  1c) it is evident that with increasing annealing time increasing the thickness of the IMC at the inter face and also causes to si gnificant thickening of solders structure. Morphology of the IMC is significantly different from each other. IMC Cu 6 Sn 5 is initially characterized by its high inequalities in comparison with laminated Cu 3 Sn phase. Over time, however serrated shape of Cu 6 Sn 5 phase takes laminated shape with a unique layered scallop. For the longest time of 360 h of annealing (Fig. 1c) was a relatively continuous layer of the two phases with an average thickness of 22 m. The thickness of the IMC in view of the mechanical properties of the phases can be considered large enough t hat the ser vice is reliable. In Fig. 2 and 3 of the line EDX microanalysis observes the structure of heat affected soldering joint together with the individual increased phases. The line analysis confirms the presence of phases Ag 3 Sn and Cu 6 Sn 5 near the interface. Generally, however, larger particles tend to Cu 6 Sn 5 phase and smal ler particles to Ag 3 Sn phase. The sequence of creation at the IMC is the same as in SnAnCuBi0, 5 solder, ie, as the first is creation Cu 6 Sn 5 phase and up to the heat affected is creation the second phase Cu 3 Sn (Fig. 4b, c) . Similarly during the annealing of IMC surface Cu 6 Sn 5 leveling, but intense. It is changing from serrated shape to scallop shape. "Smoothing" is the most i n the longest time of anneali ng (Fig. 4c) .
Compared with solder containing of less Bi the thickness of IMC decreased at the interface. Solder SnAgCuBi1, 0 also varies in thickness of phases (Ag 3 Sn and Cu 6 Sn 5 ) located in the volume and quantity of solders projecting long-scallop skewer (Cu 6 Sn 5 phase) of the interface to solders. These changes, microstructure refinement, can be attributed to greater number of particles Bi contained in Sn-rich areas.
The line EDX -microanalysis ( Fig. 5 and 6 ) of joint Cu -SnAgCuBi1, 0 confirms the close interface, which is made phases Cu 3 Sn and Cu 6 Sn 5 . This was confirmed by the unique occurrence of phases Ag 3 Sn in gross IMC Cu6Sn5. As in the solder SnAgCuBi0,5 the presence of Bi precipitates in Sn-rich areas of the EDX microanalysis failed. 
CONCLUSION
From the results of the study of interface the soldering lead-free joints it is clear that during the annealing (aging) services there are significant structural changes. Adding 1% Bi to system of alloy SnAgCu leads to refinement of grain size of intermetallic phases in the volume of solders and suppressing the growth layers of intermetallic phases at the interface in soldering joints and thus to improve the reliability of joints. Due to the low content (0.5 and 1.0%) of Bi alloys in the systems of SnAgCuBi presence of Bi precipitates was confirmed.
